Any discussion of the diagnosis and treatment of spinal cord injuries inevitably involves controversial matters. Among the foremost of these are the indications for (Schneider, 1951 (Schneider, , 1955 and the contraindications for (Schneider, Cherry, and Pantek, 1954) surgical intervention. It seems highly important, therefore, to establish criteria which will assist in determining whether an operation should or should not be undertaken. In 1955, a paper was published on " The Syndrome of Acute Central Cervical Spinal Cord Injury" (Schneider et al., 1954) , a syndrome the presence of which contraindicated any surgical procedure. At that time, nine of the authors' cases which exhibited this neurological pattern were described in detail, and six others were abstracted from the literature. There was no pathological material presented, however, which would substantiate firmly the clinical thesis which had been advanced. This paper is written to present 12 additional patients who exhibited the syndrome. In one case the post-mortem examination confirms the assumptions previously made on the basis of clinical examination. A study of this group of cases permits further consideration of the mechanisms involved in this type of injury.
The description of the syndrome reads:
" In acute cervical spinal cord injuries, there is a syndrome that suggests acute central cervical spinal cord involvement. It is characterized by disproportionately more motor impairment of the upper than of the lower extremities, by bladder dysfunction, usually by urinary retention, and by varying degrees of sensory loss below the level of the lesion. If Taylor and Blackwood (1948) . When the hypertrophic arthritic cervical spine is hyperextended, there may be simultaneously compression of the anterior cord caused by a posteriorly placed bony spur and a posterior impingement upon the cord caused by a wrinkling of the ligamentum flavum. This mechanism was effectively demonstrated in myelography on cadavers by Taylor (1951) . In younger specimens there was no distortion of the pantopaque column in the cervical spinal canal when the head was placed in a flexed or neutral position. When the cervical spine was forcibly hyperextended, however, there was definite encroachment posteriorly upon the pantopaque column in the spinal canal. Taylor suggested that this was probably caused by a bulging forward of the ligamentum flavum. When a cervical myelogram was made similarly in hyperextension in an elderly patient with posterior hypertrophic spurring of the cervical vertebral bodies, the bony spur anteriorly and the wrinkled ligamentum flavum posteriorly encroached simultaneously in the canal.
There are other mechanisms which may result in a squeezing of the cervical spinal cord. The During the first seven weeks in hospital the patient felt numb from the neck downward over his body, and was unable to use his arms, although he moved his legs slightly. Three and a half months after his injury he noted a generalized tingling sensation below the level of TIo dermatome anteriorly and T. dermatome posteriorly. He began to walk unassisted about four months after the accident. His chief complaint was that he felt hot, prickly, and swollen sensations in the right leg. An indwelling catheter had to be used during the first two months of his stay in hospital until the bladder regained its function.
The patient was transferred to the University of Michigan Hospital, where the following neurological findings were noted: weakness in the legs and trunk, more marked paresis in the upper extremities, and maximal impairment of strength in the hands. There was hypaesthesia along the ulnar aspect of the right hand and a hypalgesic level at T, segment bilaterally. Dysaesthesia was found over the right leg. He had no vibratory sensation over the ankles, but position sense was present in both feet. With the exception of the Achilles reflexes, all deep reflexes were symmetrically hyperactive. Bilateral pyramidal tract signs were demonstrated in both upper extremities and he had an equivocal extensor plantar reflex in the right lower extremity. Radiographs of the cervical spine showed hypertrophic vertebral body spurring at C3-C4 and CQ-C, interspaces.
Case 6.-At 11.30 p.m. on October 11, 1955, J. H., a 72-year-old man, fell from a wagon, striking on his head. He was not unconscious but he was immediately paralyzed in all four extremities with numbness from the neck downward. While in transit to the University Hospital in the ambulance, he began to move his toes and legs. When he was admitted to the hospital, the patient was alert and cooperative. He had no movement in the upper extremities or in the intercostal musles, but there was some motion in the hamstrings, quadriceps, adductors of the hips, and dorsiflexor muscles of the feet. On the left side from the T. to L, dermatome, he had a zone of loss of sensation to pinprick and dysaesthesia of temperature, and a loss of all sensory modalities of the remainder of the trunk and extremities. The deep reflexes in the extremities were equal, although symmetrically hyperactive in the legs. He had no pathological reflexes. A diagnosis was made of acute central cervical cord injury at C3-C, or C4-C5 interspaces. Halter traction was applied.
Radiographs of the cervical spine demonstrated a fracture of the C, and C, spinous processes, and showed also some mild evidence of hypertrophic spurring of the vertebral bodies at C4-C5 and C,-C, interspaces, with slightly more lipping at the C6-C7 interspace (Fig. 1) .
A lumbar puncture was performed and when jugular compression was applied, the cerebrospinal fluid rose and fell normally. Vinke tongs were substituted for the halter traction and, within 10 hours after admission, Sections of the spinal cord were cut and prepared histologically with haematoxylin and eosin, Masson trichrome, and Weil stains. The sections of the lower fourth cervical segment of the spinal cord showed a large destructive lesion, which, at its maximum, included the central portion of the grey commissure, the anterior horns, the posterior horns, and the posterior columns of the cord (Fig. 4) . A few millimetres below this level, the lesion appeared well circumscribed in the central portion of the cord immediately behind the central canal (Fig. 5) . The lesion included the more proximal portions of both posterior horns and the medial parts of the posterior columns and the postero-lateral columns.
Microscopic examination of these areas showed almost complete destruction of the substance of the cord with liquefaction and necrosis. This area was filled with He had been rendered unconscious immediately, had a lucid interval, and then became semiconscious for 24 hours. His lower arms and hands were totally paralyzed, but he could move his lower extremities slightly. During the five days before his transfer, he improved markedly. Upon arrival in Ann Arbor, there was minimal strength in the grip and in the arms, but he had good motor power in both legs. There was hypalgesia over the C6, C7, and C8 dermatomes bilaterally and the entire right side of the trunk. The deep reflexes were symmetrically hypoactive with no pyramidal tract signs in the upper or lower extremities. Cystometric examination was normal. A diagnosis of acute central cervical spinal cord injury was made, and the prognosis was stated to be good.
Radiographs of the cervical spine showed a marked anterior fracture-dislocation of the C5 vertebral body anteriorly on the compressed vertebral body of C6. There were also fractures and posterior displacement of the laminae of C5 and C6 bilaterally, and a fracture of the C4 spinous process. Skeletal traction was applied. Decompressive laminectomy was deferred until August 31, 1955, to permit improvement in the patient's general condition. At operation the laminae of C4, C5, and C6 vertebrae were found to be fractured and displaced posteriorly. The dura was opened, the arachnoid was sectioned laterally, and after the dentate ligaments were cut, the cord pulsated readily. The dura was closed tightly and spinal fusion was performed. He was discharged from the hospital on December 11, 1955. Radiographs of the cervical spine after fusion showed that the graft was calcifying nicely. Three months later the patient was able to return to his job as a taxi driver and was bothered only by some stiffness of the neck.
Case 10.-J. D., a 17-year-old student, was admitted to the University of Michigan Hospital on August 4, 1955, one hour after diving into shallow water. He was paralyzed immediately in all four extremities and had to be carried from the water. On admission to the hospital the patient had diaphragmatic respirations. There was a complete areflexic tetraplegia with a sensory level at the C7 dermatome bilaterally and the patient was unable to void. Head halter traction was applied immediately, and radiographs demonstrated a subluxation of the C5 vertebral body anteriorly on the slightly compressed C6 vertebra. Thirty minutes after the application of the cervical traction he experienced a complete return of sensation. The halter traction was replaced by a Vinke skeletal tractor. A lumbar puncture revealed a complete block on the jugular vein compression test.
Twelve hours after he was admitted to the hospital, the patient had a decompressive laminectomy of C5 and C6 vertebrae. The right C5-C, facet was locked. The dura was opened in the midline, the dentate ligaments cut, and the subluxation reduced by traction and careful prying with an osteotome. The pulsating cord appeared slightly hypaeremic and swollen. The dura was not closed.
Within 24 hours after the operation had been performed, the patient began to move his left foot and superficial as well as deep sensation returned on his right side. Four days after the injury he still had hypalgesia to the C7 dermatome. Deep pain and position sensations were intact in the lower extremities. He showed marked recovery of motor power in the legs, but less in the upper and forearm muscles, and no return of function in the fingers or triceps muscles. The deep reflexes were equal and active and he had bilateral extensor plantar reflexes. The first finger movement appeared on August 16, and cystometric examination showed a normal bladder. The patient left the hospital on October 18 with his neck supported by a Forester collar. On December 9, 1955, he walked readily without a cane, and his hand function, which was the greatest residual deficit, was 65 % of normal.
Case 11.-I. W., a 40-year-old man, dived into the Detroit River on August 8, 1955, and had to be pulled from the water because of total paralysis in all four extremities. He was admitted to the City of Detroit Receiving Hospital at 7 p.m. He had a complete tetraplegia with deep reflexes that were equal and active in the upper extremities, but the right lower extremity was areflexic. On catheterizing the bladder at 12 p.m., 800 ml. of urine was removed. Radiographs of the cervical spine revealed the C4 vertebral body dislocated anteriorly on C5. Skeletal tong traction was applied and a 35-lb. weight added. Serial radiographs of the cervical spine were taken of the facets. There was complete reduction of the cervical fracture-dislocation and good realignment of the cervical spine so that the weight was reduced to 10 lb. The patient had no proprioception, a level of hypalgesia to the C3 dermatome bilaterally, and complete areflexia.
On August 10, a lumbar puncture showed no evidence of blockage of the subarachnoid space on the jugular compression test. The spinal fluid was clear with only 4 red blood cells per high-power field and a total protein level of 102 mg. per 100 ml. At midnight of the same day the patient had respiratory distress and difficulty in swallowing. It was decided that surgical intervention was not indicated.
On August 28, the patient had a slight return of motor power and sensation in the lower extremities. By September 4, these functions were markedly improved. The skeletal tongs became disengaged on September 10, and it was thought advisable to discontinue their use. By September 19, 1955, the patient had regained some degree of motor power in both the upper and lower extremities, exclusive of hand movement. Case 12.-Mr. X, a 68-year-old man, stumbled and struck his head and neck on the sidewalk on November 25, 1955. He was admitted to his community hospital where he complained of pain in the neck which radiated into both arms and hands. He also had paresis of the left arm and leg. Radiographs of the cervical spine demonstrated a fracture-dislocation of C5 vertebral body anteriorly on C,. Skeletal tong traction was applied and a 20-lb. weight added.
On the day after he was injured the patient required catheterization. Three days after injury he began developing mental disorientation, which was believed to be caused by cerebral anoxia secondary to decreased respiratory function. On December 2, 1955, he complained of severe pains in his arms and legs. A nurse's note stated on December 6 that the patient had fairly good control of his legs and often moved them but that he had less power in his arms. The right fingers and toes " were stiff ". He continued to cry out because of severe pain in the extremities, and both physicians and nurses interpreted this as a result of mental confusion. On December 8, 1955, the patient had severe chest pain with associated dyspnoea. By that time all motor power had been lost in the lower extremities, but pain was still present. An electrocardiogram two days later showed a right bundle branch block. He continued to have severe discomfort throughout the entire trunk and extremities.
On New Year's Day, 1956, the skeletal tong traction was removed, and six days later, the patient had pain in the feet, legs, and arms and " he talked only of pain ".
Flexor spasms occurred in both knees but he had some voluntary movement in both, and marked improvement in feeling in both lower extremities. By January 10, 1956, the patient could move both lower extremities, had good motor power in the shoulders, poor elbow extension, fair motion in the forearm, but had no finger movement whatever on the left side.
The patient was transferred to Wayne County General Hospital in January, 1956. The indwelling catheter was removed. There were muscle contractures in both elbows, hips, knees, and to a lesser extent, in both hands, making evaluation difficult. Radiographs of the cervical spine, four months after trauma, demonstrated complete reduction of the dislocation with calcification to the vertebral body both anteriorly and posteriorly.
An examination on April 6, 1956, demonstrated that the patient's strongest movements were in the lower extremities in plantar and dorsiflexion of the feet. The other muscle groups of the lower extremities were weak. He had slight weakness in both forearms with marked paresis in the hand grip bilaterally. Hypalgesia was noted below the T8 dermatome on the right. Touch was intact. Position sense was absent in the toes. Vibration sense was present in the knees. He had normal biceps reflexes, no triceps reflexes, and symmetrically hyperactive patellar and Achilles reflexes. Positive extensor plantar reflexes were demonstrated.
Discussion
Mechanisms.-In recent years an increasing amount of interest has been focused on the problems of chronic anterior cervical cord compression by hypertrophic spurs (Bedford, Bosanquet, and Russell, 1952; Brain, Northfield, and Wilkinson, 1952; Kahn, 1947; Spillane and Lloyd, 1952; Symonds, 1953) , but too little attention has been devoted to acute traumatic lesions of the cervical spinal cord in such cases.
Case reports 1 to 6 concern patients who had had hypertrophic cervical arthritis and developed acute central cervical cord injury on the basis of hyperextension injury to the cervical spine. In Cases 1, 2, 3, and 6, the patients had suffered definite facial or forehead injuries, supporting the belief that hyperextension injury had occurred. The patient in Case 4 had been drinking; and in Case 5 the man had been rendered unconscious, and therefore an accurate history concerning this specific point could not be obtained.
All these case reports demonstrate how acute central cervical spinal cord injury may occur in hyperextension of the hypertrophic arthritic spine without compression fracture or fracture-dislocation, giving support to Taylor's (1951) thesis. They should also serve as a warning against a too vigorous hyperextension of the cervical spine in the intubation of elderly patients for the administration of intratracheal anaesthesia. Reports have appeared in the literature calling attention to contingent dangers, and one of the authors (R. C. S.) is presenting elsewhere a case in which such an anaesthetic technique resulted in acute central cervical cord injury, though the patient gradually recovered.
The patient in Case 7 sustained a " crownshaped cervical compression fracture, and it could not be determined whether or not this injury occurred with hyperextension or flexion of the cervical spine.
The syndrome probably resulted from acute flexion injury to the cervical spine and spinal cord in Cases 8 to 12. The patient reported in Case 8 had multiplemild compression fractures and fracturedislocations resulting in a " step " type of injury with multiple points of simultaneous anterior and posterior compression of the cervical spinal cord. In Case 9, an acute flexion injury must have occurred, accompanied by a severe fracture-dislocation of the cervical spine, along with a momentary holding of the laminae of the more cephalad vertebra. This squeezed the cord. An associated avulsion of the laminae must also have been present, causing compression of the cord, with the result that it was spared from complete transection. The fracturedislocations in Cases 10 and 11 are the disruptions which are commonly found and result in a simple squeeze of the cord rather than in transection.
In Case 12 the patient suffered initially a fracturedislocation of a hypertrophic cervical spine with little immediate neurological deficit. After the fracture-dislocation was reduced, however, the cord was probably drawn into some hyperextension over the hypertrophic spur so that an acute central cervical cord injury syndrome gradually developed. After skeletal traction was removed, the patient began to regain function following the characteristic recovery pattern.
Age.-A glance at the ages of these patients is instructive. In Cases 1 to 6, the ages were 63, 55, 61, 51, 52, and 72 years, respectively. As might be expected, these were the individuals with hypertrophic cervical spines who sustained acute central cervical cord injuries in hyperextension, without fracture or fracture-dislocation. The ages in Cases 7 to 11 were 36, 12, 52, 17, and 40 years, respectively, a much younger group as a whole. These individuals exhibited the syndrome in association with compression fracture or fracture-dislocation, more than possibly resulting from an acute flexion mechanism. The patient reported in Case 12 was 68 years old but his case was exceptional in that there was a fracture-dislocation of a hypertrophic cervical spine.
Anatomy.-In the cervical spinal cord there is a definite segmentation or pattern of fibres within the lateral corticospinal tract. The lumbar fibres, or those which supply the lower extremities, lie laterally in the cervical spinal cord. The thoracic or trunk fibres are in a medial position, while the cervical or upper extremity fibres assume a still more medial location with the finger fibres placed centrally. When the cervical spinal cord is squeezed from an anterior and a posterior position simultaneously, there may be a central zone of cord destruction surrounded by a more peripheral one of spinal cord oedema. The degree of permanent disability which these patients incur will depend upon the extent of central cervical cord damage, so that as the more peripheral zone of oedema recedes, the more peripherally located fibres in the lateral corticospinal tracts and adjacent tracts will regain function. As a result, the legs will regain function first, then bladder function returns, the arms recover next, and finger movements are regained last.
In order to study the various stresses which occur when the spinal cord is subjected to anteriorposterior compression, a sponge rubber model was constructed by Pantek (Schneider et al., 1954 (Schneider et al., 1954) , surgical intervention actually created a further compromise of the lateral cortico-spinal tracts which had already been damaged. When pressure was applied gently in order to retract the spinal cord, to section the dentate ligaments, and to explore anterior to the cord, the lower extremity components (which lie laterally in the pyramidal tracts) were pressed upon, and the lower limbs, which the patient had moved pre-operatively, were paralyzed after operation. Conservative treatment is the most satisfactory in patients with acute central cervical cord injury. These people may be placed in some type of traction applied directly in the plane of the body until the spinal cord oedema has subsided. This usually requires about four weeks, at the end of which time a collar may be substituted for the traction apparatus for a period of another six to eight weeks.
A single point of " squeeze " of the cervical spinal cord is frequently found in patients with an acute central cervical cord syndrome after flexion injury with fracture-dislocation of the cervical spine. A complete block on the jugular vein compression test is more apt to be found in such patients than in those who incur the syndrome in hyperextension. Such a situation occurred in Case 10, where there was a complete block, and immediate operation was therefore indicated. No lumbar puncture was made in Case 9, because the patient's generally poor condition precluded operation even though a block had been found. With the degree of fracture-dislocation shown radiologically, a complete block might certainly have been present. Patients who demonstrate the acute central cervical cord injury syndrome with associated fracture-dislocation need immediate operation, therefore, only if a subarachnoid block is found when the jugular vein compression test has been made. Otherwise, cervical skeletal traction should be applied in an attempt to reduce the deformity, and this should be followed by a spinal fusion some weeks later, after spinal cord oedema has subsided.
Myelotomy has been advocated in acute traumatic haematomyelia by Elsberg (1941) , Holmes (1915) , Cohn (1931) , and others. Allen (1911) , in one paper, and Freeman and Wright (1953) 
